According to the literature, the risk of developing iliotibial band syndrome (ITBS) is related to the running technique of each runner. The purpose of this study was to investigate whether differences exist in the running technique of runners with ITBS and healthy runners. The sample was composed of 60 recreational runners (30 healthy runners and 30 with ITBS). A 3D kinematic analysis was performed to measure 3D joint angles of the lower limb. Reaction forces in the stance phase of running were also determined. Runners in the ITBS group exhibited significantly lower contact time, knee valgus, peak knee flexion and hip rotation. Of note, gender-based differences were observed. No differences were found between groups in hip adduction angle, tibial internal rotation and foot kinematics. The runners with current ITBS showed an altered kinematic profile. Male and female runners with ITBS showed different alterations in running kinematics. These results suggest that gender should be considered when investigating the biomechanical etiology of ITBS.
INTRODUCTION
Running has unquestionable benefits on health. However, it entails some risks, with the incidence of injury ranging from 19.4% to 79.3% (Van Gent et al., 2007 , Linde, 1986 , Daoud, et al., 2012 , Bovens et al. 1989 . The most commonly injured joint on runners is the knee (Fields, 2011; Bovens et al., 1989; Taunton et al, 2002; ) . According to Kezunovic (2013) , 45% of all overuse knee injuries are caused by running.
Iliotibial band syndrome (ITBS) is the second most common cause of knee pain in runners (Van der Worp, Van der Horst, De Wijer, Backx & Nijhuis-van der Sanden, 2012; Taunton et al., 2002) . As reported by Taunton et al (2012) , women are twice as likely to develop ITBS as men. According to Phinyomark, Osis, Hettinga, Leigh, & Ferber (2015) , gender should be considered in the treatment of ITBS. Based on a study in female runners with a history of ITBS, Ferber, Noehren, Hamill, & Davis, (2010) attributed a greater strain on the iliotibial band (ITB) in female runners due to their greater peak hip adduction angle and knee internal rotation angle.
The ITB is a thick band of fascia formed by connective tissue, a strong tendinous continuation of the tensor fasciae latae and gluteus maximus muscles. The iliotibial band provides stabilization of the hip and knee, limiting hip adduction and knee internal rotation in all planes of motion (Fredericson et al., 2000 and Clemente, 2008) . In relation to the knee, the ITB supports the fibular collateral ligament for the transverse stability of the knee. Lindenberg, Pinshaw & Noakes (1984) and Noble (1980) reported that, pain at the injury site occurs when friction from the band rubbing over the bony prominence of the lateral femoral condyle causes an inflammatory response in the ITB, the periosteum of the underlying bone, and/or the bursa that lies between the bony prominence and the fascia. In contrast, Fairclough et al. (2006) reported that pain can also originate from increased compression over the richly innervated fat tissue deep beneath the ITB but superficial to the epicondyle. Orchard, Fricker, Abud, & Mason, (1996) reported that friction between the ITB and the condyle occurs at 20º to 30º of knee flexion during the first half of the stance phase of running ("Sagittal plane theory"). Yet, no differences in knee flexion and extension patterns have been found between ITBS runners and healthy controls (Miller, Lower, Meardon, & Gillette 2007; and Noehren, Davis, & Hamill 2007) .
The causes of ITBS are not well understood, and differences in the kinematics of ITBS runners as compared to unaffected runners have not been conclusively identified. Motions in other planes and joints may contribute to ITBS (Phinyomark et al., 2015) . Other potential factors such as excessive hip adduction (Noehren et al., 2007) , excessive knee internal rotation (Noehren et al., 2007; Faircloug et al., 2006; Grau, Maiwald, Krauss, Axmann & Horstmann, 2008; Miller et al., 2007 & Phinyomark et al., 2015 , hip external rotation (Phinyomark et al. 2015; Tateuchi, Shiratori & Ichihashi, 2015; Baker, Souza, & Fredericson et al., 2000) , rear-foot eversion (Noehren et al., 2007; Ferber et al. 2010; Hamill, Van Emmerik, Heiderscheit, & Li, 1999) and maximum foot inversion (Miller et al., 2007) may also contribute to ITBS. The only known kinetic abnormality is decreased maximum normalized braking force (Messier et al., 1995) .
The biomechanical etiology of ITBS remains unclear, a variety of biomechanical factors are associated with a higher risk for ITBS. The first purpose of this study was to assess potential differences in the running technique employed by runners with current ITBS and healthy runners. Based on the literature and the prospective study by Noehren et al. 2007 , we hypothesized that runners with ITBS would exhibit significantly greater frontal, sagittal and transverse plane hip, knee, ankle joint angles during the stance phase of running. The second purpose of this study was to examine how ITBS affects running kinematics in male and female runners experiencing ITBS. Based on the retrospective study by , we hypothesized that male and female runners with ITBS have different kinematic profiles.
MATERIALS AND METHODS

Participants
Sample size was determined a priori (a = 0.05, b = 0.20, desired effect size = 0.8) for one-way analysis of variance (ANOVA) using the power analysis program G*Power 3 (Faul, Erdfelder, Lang, & Buchner. 2007 ). The effect size chosen is based on differences reported in a prospective ITBS study (Noehren et al., 2007) . Power analysis revealed that a minimum sample of 28 participants was needed. Sixty recreational runners were recruited, exceeding the minimum estimated sample size. Participants were classified into four groups: a group of male runners with ITBS (M); a group of female runners with ITBS (F); a group of male controls CO (M); and a group of female controls CO (F) ( Table 1 ). All runners in the sample had been running a minimum of 20km per week for more than two years. As the kinematic rollover pattern of forefoot runners (forefootheel-forefoot) differs from that of rearfoot runners (heel-forefoot) and the running study affects distinct timedependent and joint coordination parameters, only rearfoot runners were included in the ITBS group.
Inclusion criteria for current ITBS:
• ITBS as diagnosed by a health professional (sports doctor, traumatologist, or licensed physiotherapist).
• Appearance of the typical pattern of symptoms while running (i.e. absence of pain at start, onset of pain during the run, remission of pain after a period of rest or referred pain some hours after the run.) • Referred pain in the lateral femoral condyle associated with physical exercise at the moment of the study.
• Absence of concomitant injuries in the same anatomical region (lateral meniscus injury, chronic tendonitis of the collateral lateral ligament, popliteus tendon syndrome, among others) reported in medical record.
• Male and female subjects 18 to 55 years of age.
• A weekly run distance of at least 20 km.
Inclusion criteria for controls (CO):
• Not having ever experienced any pain in the lateral femoral condyle while running.
• Runners without a history of knee injury caused by running.
Informed consent was obtained from all subjects. The study was approved by the local Ethics Committee and in accordance with the Declaration of Helsinki as amended at the 59 th General Assembly held in Seoul in October 2008, the Spanish Act 14/2007 of July 3 rd on Biomedical Research, and the Oviedo Convention on Human Rights and Biomedicine (1997) . At the time of data collection, none of the subjects in the ITBS group were handicapped by pain, as the onset of pain in ITBS typically occurs after a ''reproducible time or distance run'' (Fredericson et al., 2000) , and not from the very beginning of a run or at rest.
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Measures
Subjects were asked to run in their usual running shoes on a 5 x 15m flat track marked with traffic cones. A clear description of the route to be completed was provided. Runners run at a self-selected pace (Table 1) until four trials were completed for each leg, in which runners moved over the force plates. Measurement methods were not explained to runners to prevent alterations in their running technique. Standardized 10-minute warm-up was performed in the same circuit.
The running technique of all subjects was analyzed using a system of six infrared Vicon® cameras (Oxford Metrics Ltd, United Kingdom) set at a frequency of 120 Hz and synchronized with two Kisler® force plates (Kistler Group, Switzerland) at 1000Hz.
Procedures
The body was defined as a set of seven rigid solid segments articulated together: pelvis and both thighs, legs, and feet, respectively. For the determination of the six degrees of freedom of movement for each segment, 23 spherical (14 mm in diameter) motion capture reflective markers were fixed on the body using 3M HealthCare tape. Four markers were placed on the hip (on the upper border of the right, left, anterior, and posterior iliac crests), one on each trochanter of the femur, two on each knee (medial condyle and fibular head), one on the outer thigh, one on the outer leg, two on each ankle (lateral and medial malleolus), and three on each foot of the running shoe (on the head of the second toe, on the calcaneus at the same level as the previous one, and on the head of the fifth metatarsal). Measurements were made by static and dynamic testing -where markers on the medial knee, ankle, and trochanter were removed for greater runner comfort. Therefore, dynamic analysis included a total of 18 markers.
3-D coordinates of the markers were filtered and interpolated using fifth-order splines following the procedure developed by Woltring, which was implemented using the Vicon® Workstation program. For the determination of the smoothing factor, the mean square error (MSE) method was used, considering 4 mm 2 as the standard deviation of data. Once the 3D coordinates of the markers were recorded, the following dependent variables were obtained: frequency (number of cyclical leg movements per minute), and amplitude (distance covered by each leg between its two extreme positions); along with hip, knee, and ankle angle with respect to the three anatomical axes (transverse, anterior-posterior, and longitudinal), and ground reaction forces by injury status (injured versus non-injured). All calculations were performed using VICON BodyBuilder software (VICON; Oxford Metrics Ltd., United Kingdom).
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Analysis
Comparisons among the four groups were performed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA). First, two-factor ANOVA was calculated: injury (2) x leg-repeated measures (2) for men and women to assess potential kinematic differences in the legs of runners. Two-factor ANCOVA of injury (2) x gender (2) was conducted to determine whether there were significant differences between (male and female) injured runners and controls. Speed was selected as covariate. The Bonferroti correction was used to prevent experimental error from multiple comparisons. Results are grouped by related hypothesis. A p<0.05 was considered statistically significant. Effect size was calculated using eta squared for each group of variables (temporospatial, sagittal, frontal and transverse planes of motion and ground reaction forces). Cohen's d was used to determine effect sizes across variables. Based on Cohen's conventional criteria (Cohen, 1988) , an effect size (d) greater than 0.8 was considered large, whereas an effect size between 0.5 and 0.8 was considered medium (namely a trend).
RESULTS
Preliminary analysis revealed that no significant differences exist between the right and left leg of controls (p > 0.05). The left leg was selected as the element of study. No differences were observed either between the injured leg and the non-injured leg of runners with ITBS (p > 0.05), which is consistent with the literature (Orchard, 1996) .
The effects of the factor "injury" on the temporospacial variables were non-significant (F11=1.913, p=0.063). In contrast, significant gender-based differences were found (F11=5.983, p<0.001, ES=0.59). The effect of injury and gender interaction was significant (F11=2.372, p=0. 
021, ES=0.37).
Differences were observed among variables ( Table 2 ). The runners with ITBS (male and female) exhibited shorter contact time, with a moderate effect (d= 0.55). Contact time was shorter in the F (ITBS) group (d=0.90) as compared to F (CO).
VOLUME 13 | ISSUE 3 | 2018 | 703
The effects of the factor "injury" on sagittal plane variables were not significant (F23=1.427, p=0.172). Significant gender-based differences were observed (F23=2. 446, p<0.009, ES=0.63) . The effect of injury and gender interaction was not significant (F23=0.824, p=0.682).
Significant differences in movements in the sagittal plane are displayed in Table 3 . The (male and female) ITBS group exhibited greater anteversion of the pelvis (both, maximum and minimum angle), with very significant differences (d=.83 and d=1.29). Knee flexion angle at initial contact and knee peak flexion during stance were smaller in the ITBS group (d=0.66 and 1.28, respectively). These effects manifested differently in male and female runners. Anteversion of the pelvis was greater in M (ITBS), with a small effect (d=0.31). Peak knee flexion angle was smaller during stance (d=0.22) and swing (d=0.52), yet effects were small and medium, respectively. Knee flexion at initial contact was decreased in F (ITBS), with a medium effect (d=0.71). No significant differences were observed in ankle motion.
The effect of the factor "injury" on frontal plane variables revealed as significant (F14=6.361, p<0.001, ES=0.68) and significant gender-based differences were observed (F14=6.536, p<0.001, ES=0.68). The effect of injury-gender interaction was also significant (F14=2.250, p=0.022, ES=0.42 ). The differences observed are displayed in Table 4 . Peak knee varus angle was smaller in ITBS runners (male and female), with a very large effect (d=1.09). It is remarkable that peak knee valgus angle was decreased both in men and women, although its effect was very large in men (d=1.53) and moderate in women (d=0.7). Adduction at toe-off was reduced in female ITBS runners, with a very large effect (d=1.11). There were no significant differences in the kinematics of the foot.
In relation to the main effects of injury on sagittal transverse variables, the effect of the factor "injury" was significant (F7=5.288, p<0.001, ES=0.43 ). Significant gender-based differences were observed (F7=3. 951, p=0.002, ES=0.36) . The effect of injury-gender interaction was not significant (F7=1.793, p=0.11).
The differences observed are displayed in Table 5 . Hip internal rotation in ITBS runners (male and female) was decreased, with a moderate effect (d=0.65).
The effects of the factor "injury" on reaction forces were not significant (F6=1.913, p=0.20 ). Yet, significant gender-based differences were observed (F6=20. 488, p<0.001, ES=0.71) . The effect of injury-gender interaction was not significant (F6=1.617, p=0.16).
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The differences found are displayed in Table 6 . Female ITBS runners exhibited greater peak positive anteriorposterior force, with a large effect (d=1.0), and a greater peak vertical ground-reaction force, with a medium effect (d=0.71).
DISCUSSION
The purpose of this retrospective study was to investigate whether differences exist in the biomechanics of running between male and female runners with current ITBS and controls without a history of knee injury caused by running. After a thorough literature review, we decided to assess joint biomechanics in the three planes of motion, namely: the sagittal, frontal and transverse plane. An analysis of temporospatial variables and ground contact forces was also performed. It is worth mentioning that the studies conducted so far primarily included female runners with a history of ITBS or runners who developed ITBS during follow-up. In contrast, we analyzed how the presence of a current injury (ITBS) affects the biomechanics of running.
Significant differences were observed in the temporospatial variables amplitude and contact time. Contact time was shorter in the ITBS group (male and women), as compared to the CO group. This is consistent with the results obtained by Lieberman et al. (2010) , who relates greater velocity of impact and decreased capacity of absorption with greater loading on the knee. In addition, amplitude showed to be significantly greater in the ITBS group. Although amplitude is considered crucial to improving running technique (Hay, J. G., & Reid, J. G., 1988) , there is no published data on amplitude in runners with ITBS. It is worth mentioning that genderbased differences were observed in significant variables. Significant gender-based differences were found in relation to contact time, which was lower in female ITBS runners.
As to the sagittal plane, there were significant differences in anteversion of the pelvis, knee flexion at initial contact and peak during stance. Differences were also observed in maximum knee flexion angle, which was smaller in the ITBS group (male and female) as compared to the CO group. The results obtained provide further evidence of the relevant role that knee flexion angle plays in the etiology of ITBS, as previously reported (Noble, 1980; Orchard, Fricker, Abud, & Mason, 1996) . Differences were found in maximum and minimum anteversion of the pelvis between the ITBS group and controls. The values obtained might be associated with excessive strain on the iliotibial band and the muscles attached to it (i.e. gluteus maximus and tensor fasciae latae). Significant gender-based differences were noted. In men, differences were recorded in pelvis anteversion angle and knee flexion angle during the stance phase and swing. In women, the only significant difference shown was in knee flexion angle at initial contact. No differences were observed between groups in hip and ankle flexion and extension angle. These results are in line with those obtained by Phinyomark et al., (2015) , who studied a sample of 48 runners with current ITBS.
In relation to motions in the frontal plane, no differences were demonstrated in hip adduction angle between ITBS runners and controls. However, excessive hip adduction has been identified as a risk factor for ITBS (Noehren et al., 2007; Ferber et al., 2010; Tateuchi et al., 2015; MacMahon, Chaudhari, & Andriacchi, 2000) . Nevertheless, it should be noted that the subjects included in these studies had a history of ITBS or developed ITBS subsequently during follow-up but did not have current ITBS during the study. The similar hip adduction angle observed in the runners of our study might be related to the greater trunk ipsilateral flexion exhibited by runners with current ITBS and/or an increased rigidity of tissue caused by the injury, which limits hip adduction (Foch, Reinbolt, Zhang, Fitzhugh y Milner, 2015) .
Knee valgus angle was greater in runners with current ITBS and controls. This result supports the evidence provided by Taunton et al (2002) that increased valgus might be associated with weakness in the adductor muscles of the hip.
No differences were seen between groups in rear-foot eversion, which contradicts the results obtained by McClay & Manal (1998) ; Nawoczenski, Saltzman, & Cook (1998) . This inconsistency might be due to the methodology employed, as tests in these studies were performed on a treadmill, whereas, in our study, running was performed on the ground.
Regarding movements in the transverse plane, authors associate excessive tibial internal rotation with ITBS (Noehren et al. 2007; Fairclough et al. 2006; Grau et al. 2008; Miller et al. 2007 and Phinyomark et al. 2015) , which was not confirmed by the results of our study or the Foch et al. study (2015) . It is worth noting that the samples of the studies that demonstrated a correlation between excessive tibial internal rotation and ITBS were exclusively composed of female runners. Additionally, methodologies were not homogeneous, namely: Noehren et al. (2007) included a study with a sample of female runners who developed ITBS during followup. Fairclough et al. (2006) developed a cadaveric study. Finally, Miller et al. (2007) conducted a study on exhaustive running on a treadmill, as did Phinyomark et al (2015) . In our study, significant differences were only found in hip internal rotation, which was smaller in the current-ITBS group, which is not in agreement with the results obtained by Phinyomark et al. (2015) . As it was mentioned above, this difference might be due to methodological inconsistencies across studies.
Regarding ground reaction forces, there were no differences between ITBS groups (male and female) and controls. In contrast, significant differences were observed in female runners regarding peak anteriorposterior force and peak vertical force. These results might be supported by authors such as Lieberman et VOLUME 13 | ISSUE 3 | 2018 | 707 a. (2010), who associate a greater velocity of impact and decreased capacity of absorption with a greater loading on the knee.
Notably, less than half the differences were statistically significant and none was significant both for the male and female group. This is suggestive of a potential gender-based risk factor for ITBS. The results obtained are in line with those reported by Foch et al. (2015) . The reason for such consistency may be that the author clearly distinguished between current ITBS and a history of ITBS, which is demonstrated by this study to be a relevant factor. Our results contradict those obtained in previous studies in subjects with a history of leg injury, a history of ITBS, or based on different measurement methods such as those conducted by Ferber et al. (2010) ; Miller et al. (2007) ; Noehren et al. (2007) .
A limitation of this study is that, although participants were diagnosed by a health professional, the current status of the injury was not assessed by a functional test the same day that measurements were performed. Another potential limitation is that running tests took place indoors on a 15-m track at a self-selected pace. Although speed did not have any effect as a covariate, running indoors instead of outdoors may affect the running technique. Finally, the optimal study design to assess an overuse injury is by a prospective study, although a cross-sectional study can yield data related to the specific status of an injury.
CONCLUSIONS
Recreational runners with current ITBS exhibited lower stance time, braking distance, knee flexion and varus angle and hip rotation than controls. No significant differences were documented in tibial internal rotation, hip adduction, and foot eversion, which are associated with female runners with a history of ITBS or who ultimately develop ITBS. ITBS affects men and women differently. These factors should be considered by coachers and physical trainers when modulating the running technique of runners with ITBS.
